26 Supernumerary (B) chromosomes are dispensable genomic elements found in most 27 kinds of eukaryotic genomes. Many show drive mechanisms that give them an 28 advantage in transmission, but how they achieve it remains a mystery. The recent 29 finding of protein-coding genes in B chromosomes has opened the possibility that 30 their evolutionary success is based on their genetic content. Using a protocol based on 31 mapping genomic DNA Illumina reads from B-carrying and B-lacking individuals on 32 the coding sequences of de novo transcriptomes from the same individuals, we 33 identified 25 protein-coding genes in the B chromosome of the migratory locust, 15 of 34 which showed a full coding region. Remarkably, one of these genes (apc1) codes for 35 the large subunit of the Anaphase Promoting Complex or Cyclosome (APC/C), an E3 36 ubiquitin ligase involved in the metaphase-anaphase transition. Sequence comparison 37 of A and B chromosome gene paralogs showed that the latter show B-specific 38 nucleotide changes, neither of which putatively impairs protein function. These 39 nucleotide signatures allowed identifying B-derived transcripts in B-carrying 40 transcriptomes, and demonstrated that they show about similar frequency as 41 A-derived ones. Since B-carrying individuals show higher amounts of apc1 42 transcripts than B-lacking ones, the putatively higher amount of APC1 protein might 43 induce a faster metaphase-anaphase transition in spite of orientation of the two B 44 chromosome chromatids towards the same pole during metaphase, thus facilitating B 45 chromosome non-disjunction. Therefore, apc1 is the first protein-coding gene 46 uncovered in a B chromosome that might be responsible for B chromosome drive. 47 48 Significance Statement 49 The genome of the migratory locust harbors a parasitic chromosome that arose about 50 2 million years ago. It is widespread in natural populations from Asia, Africa, 51 Australia and Europe, i.e. all continents where this species lives. The secret for such 52 an extraordinary evolutionary success is unveiled in this report, as B chromosomes in 53 this species contain active protein-coding genes whose transcripts might interfere with 54 gene expression in the host genome (the A chromosomes), thus facilitating B 55 chromosome mitotic and meiotic drive to provide the transmission advantage which 56 grants its success. One of the B-chromosomal genes (apc1) codes for the large subunit 57 of the Anaphase Promoting Complex or Cyclosome (APC/C) whose expression might 58 provide a mechanistic explanation for B chromosome drive. 59 60 61
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thoroughly analyzed the sequence of these 61 genes trying to infer as much of their 136 length as possible, thus including some UTR regions, and manually assembling the 137 sequence of contigs belonging to the same gene. Unfortunately, we could not use the 138 published genome of L. migratoria (32) for this purpose because, in this assembly, 139 many genes are found fragmented in several scaffolds and, frequently, the predicted 140 CDS is incomplete. Alternatively, our de novo 0B transcriptome provided information 141 to extend the known sequence of the 61 genes. As these sequences were obtained 142 using exclusively B-lacking individuals, we can conclude that they correspond to 143 sequences in the A chromosomes. 144 The sequences of these 61 genes were used as reference to separately map the reads 145 from each of all B-carrying and B-lacking gDNA libraries from Cádiz, to examine 146 coverage variation per nucleotide along CDS+UTRs length (Table S2 ). Log2 of the 147 quotient between the coefficients of variation of +B and 0B individuals indicated a 148 fold change in coverage variation along gene sequence (cvFC). We interpreted that 149 negative values of this parameter indicated uniform coverage (UC) in the 150 B-chromosome paralog whereas positive values indicated irregular coverage (IC) (40 151 and 21 genes, respectively) ( Table S2 ). The latter type can be subdivided into three 152 subtypes: those being truncated (IC-tr genes), those showing regional amplification 153 (IC-ra) and those showing high coverage only for a short region being tandemly 154 repeated in the B-carrying gDNA, thus yielding a satellite DNA (IC-sat) (see 155 examples in Fig. 1B) . 156 We arranged the 61 genes in order of decreasing gFC values (in the high coverage 6 the B-carrying gDNAs, and 12 of them showed gFC>1 suggesting that all 22 genes 162 surpassing this gFC value are present in the B chromosome (Table S2 ). The exception 163 was the skp2 gene, with gFC= 0.929, for which reason we added other genes with 164 gFC values lower than this, to the B-genes list, only if they had been qPCR validated 165 (i.e. cdc25 and cud6, see Table S2 ). We also analyzed, by qPCR, five genes passing 166 the gFC>0.585 threshold in only three individuals, and five genes showing 167 gFC<0.585 as negative control (Table S2 , Fig. S1 ). Whereas all latter genes failed to 168 be validated, one out of the five former genes (mdm2) was validated by qPCR, and it 169 was added to the list of B-genes thus summing up 25 B-genes (Tables 1 and S2 ). In 170 total, we found 15 genes showing the UC coverage pattern and 10 showing IC 171 patterns (5 IC-tr, 4 IC-ra and 1 IC-sat). Obviously, total coverage and methodological 172 limitations of our experiments indicate that the list of B-genes is not yet complete. 173 As an additional test of the reliability of this result, we performed gFC analysis on 174 two Illumina DNA libraries obtained from 0B and +B individuals collected at Padul. 175 Although these samples did not allow applying the same criteria employed above, due 176 to the absence of replicates, the gFC values calculated from them showed very high 177 positive correlation with the average gFC values for the four B-carrying males from 178 Cádiz ( Fig. 2A and Table S3 ). In fact, 19 genes in the Padul libraries showed 179 gFC≥1.45 and only two showed it lower than 0.585. These 25 protein-coding genes 180 showed a wide variety of KOG functions (Table 2) (Table 3) . Table S3 ). In fact, 20 out of the 25 214 genes showed gFC> 0.585 (gFC from 0.92 to 4.11), whereas five genes showed 215 negative gFC values indicating they are not present in the B chromosome in Chinese 216 L. migratoria. Remarkably, two of these genes (ctr2 and cud6) showed also negative 217 gFC values in the Padul gDNA libraries, indicating that these genes might represent 218 recent incorporations to the B chromosome in Cádiz. This conclusion is also 219 supported by their lack of synonymous changes in Cádiz libraries. 220 We searched for possible evidence of linkage between some of the 25 B-genes in 221 the assembled genome using BLAST (34). Due to the draft state of this genome, we 222 only could assess linkage for three of these genes (slnl1, suox_a and suox_b). The fact 223 that the scaffold no. 43118 ended with the first exon of the suox_a gene and scaffold 224 no. 894 began with the second exon of this same gene, allowed us to infer the 225 contiguity of these two scaffolds and the linkage of these three genes ( Fig. S3 ). 226 The fact that many IC-tr and IC-ra genes showed exactly the same HC and LC 227 regions in the libraries from Spain and China (for instance, see coverage profiles for 228 fas2 in Dataset S2) could not be explained by chance. Finally, we searched for the presence of the B-specific SNPs in the gDNA library of the Chinese female, and 230 found that 84% of Alt sequence variants (i.e. 119 out of the 141 found in Cádiz 231 libraries) were also present in the Chinese library. Additionally, we searched for B 232 chromosome sequence signatures in 16 transcriptome bioprojects available in SRA, 233 performed on individuals from Asia (Table S5 ). We performed SNP calling for the 234 141 SNPs previously found (Table S6) (Table S4 ). (Table S3 ). 262 Estimations of per copy gene transcription rate (GTR) of B-specific gene paralogs, 263 by scoring Alt haplotypes directly in the Illumina reads, revealed that seven out of the 264 ten genes analyzed showed GTR>50% in testis, with only one gene showing no 265 transcription at all and, remarkably, it shows the IC-sat pattern and it is thus likely 266 that the B chromosome carries a satellite arisen from this gene but not the gene itself. 267 Remarkably, in the leg transcriptomes, five genes showed GTR>50% and four genes 268 showed no expression (Tables S7 and S8 ). Taken together, these results indicate that 269 the B chromosome is not completely silenced but, on the contrary, shows high levels 270 of transcription, especially in testis ( Fig. 3C ). We uncover here the presence of 25 protein-coding genes in the B chromosome of L. 275 migratoria. Of course, this is by no means the complete set of B chromosome genes, 276 and future research with higher coverage will surely uncover some more. As 277 summarized in Table 1 , 15 of these genes appear to include a full coding region since 278 they showed uniform coverage (UC pattern). 11 of these genes (apc1, cc151, cdc25, 279 fmo, mdm2, peli, suox_a, suox_b, tret1, var1 and zsc22) showed up-regulation in 280 B-carrying males (tFC≥1 in testis and/or leg transcriptomes) (see Tables 1 and S3 ). 281 The finding of SNPs being exclusive of B-carrying individuals in five of these 282 UC-genes (apc1, peli, suox_a, var1 and zsc22) allowed defining haplotypes carrying 283 B-specific signatures, and all of them were detected at high proportion in the +B 284 Illumina RNA libraries. We interpret these results as evidence that protein-coding 285 gene paralogs located in the B chromosomes are transcribed to about similar 286 expression levels as those residing in the A chromosomes, and that the above 287 up-regulations are due to B chromosome transcription. Remarkably, five IC genes 288 (bmbl, hem1, fas2, rbbp6 and slnl1) also showed up-regulation (see Table S3 ). 289 Although the IC pattern suggests the presence of incomplete paralogs in the B 290 chromosome, our present approach cannot rule out the additional presence of full 291 copies for IC genes, or even a possible functional role through the RNA interference 292 pathway (36). 293 Sequence analysis of the 25 B-genes revealed high variation between them for the 294 number of nucleotide differences in respect to the A chromosome paralogs. At one 295 extreme, there were 6 genes showing no differences at all, and 6 showing a single 296 difference in the 3'-UTR or the CDS region (see Table 3 and Dataset S2). On the other 297 hand, 6 genes showed 4-31 nucleotide differences in respect to the A paralogs, 298 including 1-3 deletions of 1-14 nucleotides (see Table 3 ). Finally, the 7 remaining 299 genes showed 2-13 nucleotide substitutions. We interpret these results as reflecting we first selected those showing less than four copies per genome (thus discarding 397 highly repetitive elements) and more than 0.5 copies (thus discarding contigs 398 putatively showing coverage problems) (Table S1 ). Among these contigs, we selected, the CDS (ampe, apc1, bmbl, fmo, nrc2a, suox_a, suox_b, tret1, var1 and zsc22) in (Table S9 ). Quantitative PCR was carried 
